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(54) Mobile radio data communication system and method 

(57) In an exemplary embodiment, a test signal is sent by a base station at a suitable point in a communications protocol. 
According to the evaluation of the test signal transmission, a relatively high data rate or a lower more conservative data rate 
is selected by a mobile unit for the transmission of a relatively lengthy data message. The test signal can be associated 
with a query from a mobile unit having a message to send, or with a contention polling message from the base. Such test 
signal can be transmitted at the lower data rate where fts transmission characteristics (e.g. signal strength, jitter or quality of 
transmission of known information) can be used to predict probable feasibility of transmission at the higher data rate, but 
most preferably the test signal is part of a high data rate contention poll which may alternate with a tow data rate contention 
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TITLE: "MOBILE RADIO DATA COMMUNICATION SYSTEM 

AND METHOD" 



SPECIFICATION 

BACKGROUND OF THE INVENTION 

The present invention relates to improvements in radio 
data communication systems wherein a number of mobile 
transceiver units are to transmit data to a base station 
under a wide range of operating conditions. The invention 
is preferably to be applicable as an upgrade of an existing 
data capture system wherein a number of hand held 
transceiver units of an earlier design are already in the 
field representing a substantial economic investment in 
comparison to the cost of a base station* 

In the design of low-cost narrowband FM receivers, 
superheterodyne configurations using one or more fixed 
intermediate frequencies (IF) are generally employed. 
Receiver selectivity is provided using crystal or ceramic 
filters at these IF's. The passband characteristics of 
these filters must be wide enough to accomodate the 
bandwidth occupied by the intended received signal, plus 
any expected center frequency error due to frequency 
offsets in the transmitted signal or receiver local 



oscillators which may arise from changes in ambient 
temperature or misalignment. The stcpband performance of 
the IF filters is chosen to provide the maximum cut-cf-band 
attenuation that is compatible with target design 
specifications, passband requirements, and equipment cost 
goals . 

The technical requirements for narrowband FM equipment 
were originally devised for analog transmission of voice 
messages. Because the frequency spectrum of voice was 
easily quantifiable, it was possible to bandlimit the voice 
signal at baseband with no loss of information content, and 
utilize an optimal transmission bandwidth for acceptable 
signal quality at the receiver. Channel spacings were then 
derived based upon this optimal bandwidth, and the 
stability of the transmitter and receiver oscillator 
frequencies that could economically be achieved in portable 
and mobile equipment. 

In UHF land-mobile equipment meeting the required 
transmit and receiver oscillator stabilities, the worst 
case frequency error is often comparable to the bandwidth 
of a transmitted voice signal, in order to accommodate 
seme fraction of the worst case frequency error, it has 
been a common practice to substantially broaden the IF 
filter passband-widths . 

The transmission of binary data through modified 
narrowband, FM, voice quality equipment requires special 
considerations. Unlike voice transmission, bandlimiting 
the signal limits the information transmission capabilities 
of the system. In order to obtain maximum information 
throughput, it is desirable to utilize the available 
bandwidth as fully as possible. However, for equipment to 
operate over a wide temperature range, transmitted 
bandwidth, and therefore data rate, must be constrained to 
keep the received signal within the IF filter bandwxdth(s) 
when large frequency offsets due to oscillator temperature 
instabilities are present. 



-3- 

Unfortunateiy, when equipment is designed to tolerate 
large frequency offsets, a lower data rate must be selected 
than that allowed by the IF filter bandwidths under less 
stringent conditions where oscillator frequencies are near 
their ideal values. 

Another consideration in data rate selection is system 
range. This is most problematic in data communications 
systems employing mobile or portable remote devices. These 
devices may operate at close range, where received signals 
are strong, or in fringe areas where received signals are 
extremely weak. Selecting a relatively high data rate will 
result in higher data throughput under strong signal 
conditions, while under fringe conditions, operation at 
lower data rates, with optimized baseband filtering, can be 
substantially more reliable. 

SUMMARY OF THE INVENTION 

The primary object of the invention is improving the 
data throughput of low-cost FM or FSK data communications 
equipment used on existing narrowband channels, while still 
maintaining reliable performance in fringe reception areas, 
and under extreme conditions of temperature. This object 
is achieved by providing such low cost data communications 
equipment with the capability of automatically switching 
between two or more data rates, and by the provision of 
control means for adaptively selecting the best data rate 
dynamically according to changing operating conditions. In 
a preferred embodiment, this is accomplished using only 
baseband signal processing techniques. For communications 
systems which use some form of handshaking to establish a 
communications link between a base station and one of 
several remote portable or mobile units, a test signal may 
be incorporated into the handshaking protocol to evaluate 
relevant operating conditions. For example, a polling 
signal sent from a base station may itself constitute a 
test signal which is evaluated by one or more remote units 



having messages tc transmit. A remote unit responding to 
the pciiing signal, .-nay transmit as its response a 
selection signal specifying the data rate which has been 
determined to be optimum as a result of test signal 
evaluation. 

Another object of the invention to provide a radio 
data communication system capable of increased throughput 
while retaining basic compatibility with an existing 
installed product family of mobile transceiver units. 

In a preferred example, an existing system utilizing 
hand held RF terminals of fixed data rate is upgraded by' 
means cf system components capable of adaptively switching 
to a higher data rate. For example, in an existing system 
where a sequential polling of the hand held RF units is 
employed, the base station may insert a test pattern of 
substantially higher data rate into the polling process, 
such that upgraded transceiver units can determine the 
feasibility of use of such higher data rate, while earlier 
versions continue to operate at the fixed data rate. in a 
more advanced system, where RF terminals respond in random 
time slots to a general polling transmission, a test 
pattern at a substantially higher data rate may be appended 
to such general poll. Again, a prior RF terminal model cf 
fixed data rate may operate as usual, while upgraded RF 
terminals may selectively respond with higher data rate 
messages. Further, the upgraded terminals are preferably 
of sufficiently low cost that they could be employed with 
existing base stations operating at a fixed data rate until 
such time as it became economically feasible to replace the 
base station. 

Accordingly, a specific object of the invention 
resides in the provision of a low cost hand held data 
capture RF terminal capable of utilization with base 
stations having fixed data rate and also with an upgraded 
base station capable of cooperating with such terminal to 
provide substantially increased throughput. 



Another specific cbiect cf the invention is to prrvid 
an improved base station compatible with an installed 
product family of fixed data rate RF terminals but capable 
of cooperating with upgraded RF terminals to achieve an 
optimized data rate during successive polling operations. 

Further objects reside in the provision of a radio 
data communication system which provides a reliable and 
efficient communications link under a wide range of 
operating conditions. 

Other objects, features and advantages of the present 
invention will be apparent from the following detailed 
description taken in connection with the accompanying 
drawings, and from the respective features cf the appended 
claims taken individually and in cooperative combinations. 



DESCRIPTION OF IKE DRAa I :?GS 

FIG. I is a diagrammatic illustration of an existir.a 
prior art radio data system which may be upgraded to 
incorporate features of the present invention; 

FIG. 2 is a diagrammatic illustration of the sequential 
polling procedure which is utilized with the prior art 
system of FIG, 1; 

FIG* 3 is a diagram illustrating the system timing for 
the prior art system of FIGS. 1 and 2; 

FIG. 4 is a diagram similar to FIG. 3 and illustrating 
system timing for a prior art system having nearly twice 
the polling speed of the system of FIGS. 1-3; 

FIG* 5 is a diagram similar to FIG . 2 but illustrating 
a second protocol which is utilized in a recently 
introduced product family having a high performance type of 
mobile terminal unit representing the next generation in 
comparison to the system represented in FIG. 4; 

FIG. 6 is a diagrammatic illustration of a mobile radio 
system which may be compatible with elements of the 
previous systems of FIGS » 1 through 5, and may 
substantially enhance system throughput; 

FIGS. 7A and 7B illustrate an implementation of the 
embodiment: of FIG* 6 where the receiver of each mobile unit 
may operate only at a standard data rate, FIGS. 7A and 7B 
being shown to the same time scale, and utilizing 
respective levels to represent transmission and reception 
at a standard rate compatible with the earlier versions of 
the system and at a higher data rate for increased system 
throughput, FIG. 7A representing successive switching modes 
at the base station, and FIGS* 7B illustrating the 
corresponding switching modes of an exemplary mobile unit 
in radio communication with the base station; 

FIGS. 8A and 8B are plots similar to that of FIG. 7A, 
but illustrating an embodiment in accordance with FIG. 6 
wherein the base station transmits temperature information 
to all of the mobile units simultaneously, FIG. 8A relating 



to a sequential polling protocol and FIG. 63 illustrating 
an example with a contention type protocol; 

FIGS . 9A and 9B show diagrams similar to these of FIGS . 
7A and 7B, for illustrating an embodiment in accordance 
with FIG. 6 wherein each mobile unit may transmit a high 
data rate test pattern to the base station; 

FIG. 10 is a plot similar to that of FIG. 2, but 
illustrating operation of the system of FIG. 6 wherein the 
base station sends a high data rate test pattern to all of 
the mobile units simultaneously , for example in advance of 
a sequential polling cycle; 

FIG. 11 is a plot similar to that of FIG. 5, but 
showing the base station of FIG. 6 transmitting a high data 
rate test pattern for example immediately following a 
standard data rate general pell for the example of a 
contention type polling protocol; and 

FIG. 12 is a schematic block diagram for illustrating 
an exemplary hardware implementation of the system of FIG. 
6. 

FIGS. 13-16 are diagrams illustrating preferred modes 
of operating a system utilizing both a limited normal data 
rate (e.g. 4800 baud) and a higher data rate (e.g. 9600 
baud), FIG. 13 showing a general* case of M low data rate 
response slots and of N high data rate response slots, N and 
M being independently controlled for optimum throughput; 
FIG. 14 showing the specific example of N equals four and M 
equals one; FIG, 15 showing alternating high data rate and 
low data rate communications frames where N and M may both 
vary {generally in opposite senses) in successive cycles; 
and FIG. 16 showing a case where plural communications 
frames of one type (e.g. 9600 baud) occur between a lesser 
number (e.g* one) of the other type of communications frame, 
this pattern being repeated, or varied as a function of 
loading at the respective data rates. 
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FIG. 17 is a flow diagram giving exemplary steps which 
are particularly applicable to the embodiment cf FIG. 11, 
but which are also generally applicable with sodif icaticns 
to various cf the other enbodiaents. 
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5ET AILED DE5CRI PTICN' 
Description of FIGS, j-4 

FIG. 1 shows an existing radio frequency data 
transmission system 10 wherein a base station transceiver 
means 11 has a number of mobile transceiver units such as 
12A, 123, 12M in radio communication therewith. 

By way cf example, the base station may be comprised s * 
a radio base unit 14 such as the model RB1212 cf Morand 
Corporation, Cedar Rapids, Iowa which forms part of a 
product family known as the RT12C0 system. m this case, 
the radio base 14 may receive data from the respective 
mobile RF terminals, e.g. of ty F e RT1210, and transmit the 
received data via a multiplexor 15, e.g. type RM1211, and a 
communications link 15 (e.g. utilizing an RS-232 format) to 
a host computer 17. 

The data capture terminals 12A, 12B 12.M may each 

be provided with a keyboard such as 18, a display as at 19, 
and a bar code scanning capability, e.g. via an instant bar 
code reader such as shown in U.S. Patent No. 4,570,057 
issued February 11, 1986, and known commercially as the 
20 '20 instant bar code reader of Norand Corporation. 

The RT12C0 system utilizes time division multiolexing on 
a single frequency channel (e.g. in the 450 megahertz band) 
to provide access to the respective terminals. The RT1200 
communications protocol is based on a sequential colling 
method that transmits a query addressed to each portable 
terminal in succession, and allows a specified amount cf 
time for the addressed terminal to respond in case a data 
message is ready for transmission. 

A transmitted message consists of an initialization 
sequence, unit address, message identifier and system 
information, message data and/or control commands, error 
control, and end of message indication. 

The basic sequential polling procedure of a base station 
such as the RB1212 is illustrated in FIG . 2 wherein level TX 
represents transmit mode of the base station, and level RX 
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represents receive mode, in FIG. 2, solid line 21 
represents a transmit time interval wherein the base station 
transmits a polling signal for a mobile unit of a first 
address, e.g. *0, at a predetermined data rate e.g. 4300 
baud. The base station then allows a specified amount cf 
time represented as time interval 22 for the addressed 
terminal to respond if communication activity is required. 
The intervals at 23 and 24 apply to a second terminal 
address, e.g. #1, the intervals 25 and 26 apply to a third 
terminal address, e.g. 42, the time intervals 27 and 28 
represent the operation of a fourth terminal, e.g. 43, and 
so on. 

The sequential polling process is timed by the 
multiplexor 15, FIG. 1, of the RT1200 system such that if a 
response is not received from the addressed mobile terminal 
within the allotted time such as indicated at 22, a poll is 
issued to the next terminal in the sequence, e.g. as 
indicated at 23. In the RT1200 system, if the designated 
mobile unit has some information to send to the host 
computer 17, that information is immediately transmitted to 
the host as the response, in which case the base station 
remains in reception mode. In effect, for the RT12D0 
system, any of the reception intervals 22, 24. 25, etc. will 
be extended so as to receive complete messages from the 
respective addressed terminals where such messages are ready 
to be sent in response to the respective polling 
transmissions 21, 23, 25, 27, etc. m FIG. 2, it is assumed 
that mobile unit #3 is the first unit with a message to 
send, in this case, the base station while in receive mode 
as indicated at 28, will actually receive a transmission 
from mobile unit #3 indicating that a message will follow. 
The base station in response to the transmission from mobile 
unit #3 {which is signified by a second line 28A in FIG. 2) 
remains in receive mode for the duration of the message from 
unit #3. The message itself from unit #3 may occur over a 
time interval as represented by dot-dash line 28B, and may 
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be followed by an end of message transmission f r cm unit -3 
as indicated by a second line at 28C, In response to the 
end of message signal at 28C, the base station switches to 
transmit mode and transmits an acknowledgement message as 
indicated at 29 for advising unit «3 that the message was 
properly received . 

The base station then resumes polling, e.g. transmitting 
a polling signal at 30 addressed to a mobile unit M and 
switching to receive mode for an interval 31, and so cn. In 
order to minimize channel capacity that is wasted celling 
inactive terminals, activity time-outs may be employed so 
that units that have not transmitted are dropped from the 
polling sequence and placed in a contention queue. The 
assumption would be that inactive units are either not being 
used at all or that the operator is busy at some ether 
activity for significant amounts of time. 

FIG . 3 illustrates standard system timing {in 
milliseconds) for the RT1200 system as represented in FIGS. 
1 and 2. As indicated, a polling sequence such as indicated 
at 21 and 22 in FIG. 2 may occupy an overall time interval 
of 127 milliseconds, with a poll interval corresponding to 
interval 21 in FIG. 2 requiring twenty-two milliseconds, a 
transmit/receive turnaround interval such as represented at 

33 in FIG. 2 requiring forty-five milliseconds, and a 
receive interval such as indicated at 22 in FIG. 2 being 
alloted fifteen milliseconds* 

FIG. 4 illustrates the corresponding standard system 
timing (in milliseconds) for a second product family known 
as the RT2200 system of Norand Corporation. In this case, a 
standard cycle corresponding to the intervals 21, 33, 22 and 

34 in FIG. 3 requires a total of sixty-seven milliseconds/ 
polling intervals such as 35 and 36 requiring twenty-two 
milliseconds, and intervals 37, 38 and 39 each requiring 
fifteen milliseconds. The shorter transmit to receive and 
receive to transmit times offered by the RT2200 system 
result in nearly twice the polling speed in comparison to 



the RT1200 system. The modulation method and communication 
bit rates are identical in che two system families sc that 
it is possible for the components of the RT1200 and RT2200 
systems to be mixed subject to some limitations. For 
example, any mix of terminals or bases that includes an 
RT1211 multiplexor or an RT1212 base requires that the 
forty-five millisecond intervals such as 33 and 34 be 
included during communication involving these components. 
More particularly, if either the RT1212 base station or 
RT1211 multiplexor is used with a mixture of RT1210 and 
RT2210 terminals, all terminals must respond using the 
slower (45ms) delay. If these units are replaced with both 
the RB2212 base, and RM2216 multiplexor, the system has the 
capability of adjusting the delay to match the particular 
terminals in use. For example, if units #1, 45, and *7 are 
RT2210's, and units 42, 43, 44, and 46 are RTl210's, the 
former three will be polled using the I5ms delay, the latter 
four will be polled using the 45ms delay. 
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Descripticn of FIG. 5 

In a more recent comme rcial development, a mcoile 
terminal unic is to be utilized that includes a high 
performance 15-bit microprocessor and a memory capacity that 
ailows large and complex application programs to reside and 
be executed within the terminal. With the introduction of 
this terminal, two new radio protocols have been developed. 
Both protocols use the slotted reservation approach for 
obtaining system access. The major difference between them 
is that one utilizes asynchronous data transmission which is 
backwards compatible with the hardware in the 2210, whereas 
the other will utilize synchronous data transmission, which 
is more efficient, but which requires specific hardware 
utilized only in the new terminal* The same slotted 
reservation access and data rate selection schemes are to be 
used with both protocols. Implementation of the new 
protocol in the RT2210 terminals requires a change of read 
only memory (ROM). Implementation in the new terminal 
consists of a downloaded program resident in nonvolatile 
random access memory (RAM). 

As shown in FIG. 5 a general poll message such as 
indicated at 40 is transmitted to all terminals in the 
system, and the terminals are allowed to respond in random 
"time slots" such as indicated at 41-44 to indicate to the 
controller that communication activity is desired by the 
terminal. The example in FIG, 5 provides four time slots 
41-44 in which the terminals may respond to the poll. In 
practice, the number of time slots are varied depending on 
the traffic load and other conditions. Each terminal may 
respond to the poll 40 in any of the desired time slots with 
its address and some positive acknowledgement. The 
particular time slot in which the terminal chooses to 
communicate is selected at random by the terminal. In the 
event that several terminals - potentially more than the 
number of time slots available, desire communications, a 
good probability may remain that at least one of the 
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terminals will transmit its response in a time slot which is 
free of other responses. Under light loading conditions, it 
is likely that more than one slot will contain an 
intelligible response message, which further improves the 
efficiency of the polling procedure. An additional 
efficiency improvement may be realized because of a 
"capture" phenomenon of radio frequency modulation that 
allows recovery of a relatively strong signal in the 
presence of a relatively weak interfering signal. 

Referring to FIG. 5, it may be that a terminal unit with 
an address of #3 responded during the first time slot 41, 
and that a terminal unit =0 responded in time slot 43. 
Several terminal units may have simultaneously responded in 
time slot 42 such that none was identified by the base 
station. In such a case, the base station after elapse of 
time intervals 41-44, may first transmit a polling signal 51 
addressed to terminal unit #3, and then receive a message 
from unit *3 as indicated at 52. As in FIG. 2, the message 
received at 52 may include a preamble indicated at 52A, a 
message proper 52B, and an end of message signal 52C. The 
base station may then transmit an acknowledgement message as 
represented at 53, and thereafter proceed during time 
interval 54 to poll the next terminal unit, e.g. 40, which 
successfully responded to the general poll at 40. The 
message from terminal unit #0 may include message components 
such as described for message 52. After each successfully 
responding mobile terminal has been polled and its 
respective message received, the procedure may be repeated 
with a further general polling cycle as at 40-44. 
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Description of FIG, 6 

A radio data system utilizing the present invention is 
shown in FIG, 5. Such a system may be compatible with the 
product families as represented in FIGS. 1-5. 
system cf FI 

operating at either 4800 bits per second or 9600 bits per 
second under the control of a communications controller 71, 
such a base station can be installed in one of the prior 
systems e.g. in place of a RB2212 base transceiver, and may- 
operate at a fixed data rate of 4800 bits per second. 
Subsequently, if upgraded mobile terminal units 80 and 
terminal communications controller means 81 are introduced 
into the system, operation at 9600 bits per second becomes 
available so as to achieve increased system performance. 
Communication at 9600 bits per second generally requires a 
stronger radio signal than communication at 4800 bits per 
second, so that the system of FIG. 6 may be designed to 
recognize when the signal strength is insufficient and to 
automatically switch to 4800 bits per second. Eventually, 
the system can be upgraded so as to utilize terminal units 
such as 80 exclusively. The 4800 bits per second data rate 
offers both the potential for direct compatibility with 
earlier products, and a "fall back" mode if signal strength 
does not allow communication at 9600 bits per second. A 
system such as indicated in FIG. 6 can be reached in stages 
with each upgrade step providing the user with increased 
performance and productivity that justifies the incremental 
cost. Since the largest investment is in the terminals, the 
upgrade strategy minimizes terminal obsolescence, off«rina 
the greatest possible useful life of the users' investment. 

In a system such as indicated in FIG. 6, the transmitter 
and receiver components 72A r 72B and 82A, 82B may be 
switchable between data rates which are related by a factor 
of two, so that hardware complexity can be minimized. It 
would be possible to extend the concept to utilize a third 
data rate e.g. 1200 baud or 2400 baud for further 
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enhancement of fringe performance. In a preferred system 
each remote unit such as 80 is identified by a unique 
address. Transmission between the base and the remote units 
may be initiated by the controller 71 through the use of 
sequential polling as in FIG . 2 or by means of a contention 
protocol such as represented in FIG. 5. 

In the system of FIG. 6, polling signals such as 
indicated at 21, 23, 25, 21, FIG. 2 and such as indicated at 
40, 51 and 54 in FIG. 5 may be at the standard data rate, 
e.g. 4800 baud, with terminals switching to 9600 baud when a 
message transmission is required for example in the case of 
mobile unit #3 during the interval 28 in FIG. 2. In FIG. 5, 
it may be assumed that mobile unit #3 was the sole 
respondent in interval 41 and mobile unit #0 was the sole 
respondent in time slot 43. In this case, the poll at 
interval 51 may be directed to mobile unit 43, and the 
response of mobile unit 43 during interval 52 may be at the 
high data rate e.g. 9600 baud. Similarly, the individual 
poll at interval 54 may be addressed to mobile unit #0, and 
mobile unit *Q may respond during interval 55 at the high 
data rate e.g. 9600 baud. Polls are typically of short 
duration, so that the throughput penalty for using the lower 
data rate is relatively slight. Polling at 4800 baud also 
maintains backward compatibility with older equipment, and 
ensures that units operating under fringe (weak signal) 
conditions can have access to the base station. 

In FIG. 6, the radio base station 70 may be described as 
comprising the base station controller means 71 and a base 
station transceiver means 72, and a base station 
input/output means 73. Controller means 71 may provide an 
interface with a host computer 74 similarly to the known 
commercial system of FIG. 1, and may also control the mode 
of operation and data rate of the base station transceiver 
means 72, and serve as an interface to the input/output 
means 73. The mobile terminal unit 80 may be described as 
comprising terminal controller means 81, mobile transceiver 



means 82 and terminal input, output means 83. The controller 
means 71 and 61 together may be considered to form a radio 
system control means as represented by dash line, rectangle 
90, responsible for operating the system at a high data rate 
when feasible, and for automatically shifting to a lower 
data rate e.g. when a given mobile terminal unit moves 
beyond the range for reliable high data rate transmission. 

The terminal controller means also includes means 
providing the interface to the terminal input/output means 
83 as in the earlier versions heretofore described. The 
controller means 71 may operate the base transceiver 72 so 
as to execute sequential polling as in FIG. 2 for terminals 
such as shown in FIG . 1 and such polling and responses 
thereto will take place at the standard data rate e.g. 4800 
baud. Since polling is typically of short duration, polling 
of the improved terminal units such as 80 may also take 
place at the standard data rate e.g. 4800 baud. 

It is preferred to poll the improved terminal units such 
as 80 utilizing a contention poll as in FIG * 5 where there 
are large numbers of such terminal units with low to 
moderate activity rates since this procedure does not waste 
time polling units which do not have data to transmit. 
Under conditions of heavy usage, the controller means 90 may 
shift to the sequential polling procedure of FIG. 2 if an 
excessive number of collisions in the respective time slots 
prevents efficient communication in the FIG . 5 mode. 

FIG. 6 illustrates that the base station may include a 
received signal strength indicator (RS5I) component 92. For 
characterizing signal strength using RS5I, several samples 
of signal strength would be made during receipt of a message 
and a computation to determine average signal strength would 
be made. This is necessary because of the multipath 
conditions typically found within buildings. A fixed 
threshold would be used for making data rate selection based 
upon signal strength. If signal strength is above 
threshold, the high rate would be used. If signal strength 



-18- 

is below threshold, the low rate would be used. 
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Descripticn of figs . 7 A and 73 

FIG. ?A shows the case where base station 70 polls a 
terminal unit 80 at the standard data rate (represented by 
level "TX") during an interval 121, and has its receiver 72B 
in the high data rate (level " RXL" representing the standard 
data rate and level "RXH" representing the high data rate) 
for receiving a response during time interval 122. FIG. "?3 
represents a polled mobile unit corresponding to unit 80, 
FIG. 6, but which would net require a switchable data rate 
receiver. Thus the mobile unit of FIG. 7B would be in a 
fixed standard data rate receive mode (RX) during time 
interval 131, and would switch to high data rate transmit 
mode (TXH) for transmitting a response message during time 
interval 132. As in FIGS . 2 and 5, if the base station 
properly received the message at the high data rate, the 
base could transmit an acknowledgement at the standard data 
rate (TX) during interval 141, the mobile unit being in the 
standard data rate receive mode (RX) as represented at 151. 
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Exemplary Operation for a System According tc FIGS. i-3 cr 
4-5 and FIGS . 6, 7A and 7b. 

In the exemplary mode of operation of FIGS. 7 A and 7B, 
with sequential polling, polling would take place at the 
standard data rate, e.g. 4800 baud, in time intervals such 
as indicated at 21, 23, 25, 27 and 30, FIG. 2, and at 121, 
FIG. 7A. The base station could be programmed with the data 
rate capacities of the respective terminal units, and always 
switch to receive at the standard data rate after polling of 
a fixed data rate terminal as in FIG . 2, If, for example, 
terminal units *0, *1 and *2 were of the fixed data rate 
type, then receiver 72B would be conditioned to receive 
response messages at the standard data rate during response 
time intervals 22, 24 and 26. 

If terminal unit #3 were of the type shown at 80 in FIG. 
6, the base station would be programmed to send the poll 
during time interval 121, FIG . 7A, at the standard data rate 
and then in a default mode (in the absence of a definite 
event indicating a lower data rate) would switch its 
receiver 82A to receive at a higher data rate during the 
response time interval 122. Each mobile unit such as 80, 
FIG* 6, in default mode, could have its transmitter 82B 
ready to transmit during an interval such as 132 at a higher 
data rate than the standard data rate* Where the standard 
data rate is 4800 baud, it is preferred to utilize a higher 
data rate of twice the standard data rate, i.e. 9600 baud, 
for a communications system such as here described, since 
such a relationship makes the switchable baseband transmit 
and receive circuitry simpler. The receiver 82A would not 
need to be switchable but could be fixed to receive at the 
standard data rate, e.g. 4800 baud, as at 131. In this 
case, a mobile unit such as 80 with address #3 would receive 
the poll during time interval 131, and be ready to transmit 
its message at a higher data rate, e.g. 9600 baud. In 
correspondence with FIG. 4, the mobile terminal unit may 
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switch from receive tc transmit IR/T) mode in fifteen 
milliseconds during interval 160. 

The base station 70 may receive the high data rate 
message and issue an acknowledgement at the standard data 
rate during interval 141. If the message is received with 
an unacceptable number of errors, controller 71 may be 
programmed to transmit a switchover signal to mobile unit 
#3, e.g. during interval 141, commanding that the message be 
retransmitted at the standard data rate, and storing a 
corresponding switchover command in its polling control 
memory e.g. when the switchover command is acknowledged by 
unit *3 as at 162. In the case of a mobile terminal of a 
passive type, mobile unit *3 could then have its transmitter 
82B operate in the standard data rate mode until a new 
startup of operation, e.g. on a subsequent working day, or 
until it received a special switchback signal frox. the base 
station . 

During standard data rate mode, mobile unit *3 even with 
no message to transmit, would operate so as to receive any 
messages directed to it by the base station. Once the base 
station had registered a given mobile unit, e.g. *3, as 
having switched to transmission at the standard data rate, 
the base station could execute a program controlling a 
tentative resetting of such mobile unit to a higher data 
rate. In a simple case, the base station could instruct the 
mobile unit to attempt a high data rate transmission by 
sending a switchback polling message during an interval such 
as 27, FIG. 2, or 51, FIG. 5, after the expiration of a 
given number of polling cycles. If message traffic was 
heavy, each polling cycle would tend to be of longer 
duration, reducing the frequency of such high data rate 
trials . 



Description of FIGS. 8A and 8B 

A mobile unit such as 80 may include a temperature 
senscr for sensing ambient temperature. Such a temperature 
sensor may be associated with the terminal input/cutput 
means as indicated at 83A, FIG. 5. Such a temperature 
sensor may be incorporated in the mobile terminal unit for 
use in connection with digitally controlled cscillaccr 
compensation, bias compensation of liquid crystal disclavs, 
or over/under temperature sense and shutdown, for example. 

The temperature sensor 83A is useful in controlling data 
rate since temperature changes at the transmitter 82B can 
cause a shifting cf the frequency of the RF carrier. 

The base station input/cutput means 73 may also include 
a temperature sensor 73A, and a digital measure of ambient" 
temperature at the base is useful in controlling data rate 
since the local oscillator frequency of receiver 72B is 
affected by temperature. 

It is advantageous to communicate the temperature cf the 
base unit 71 to the mobile unit 80, so that the mobile unit 
can obtain a measure of any differential in ambient 
temperature between the mobile unit and the base. As the 
magnitude of the temperature differential begins to become 
large, the received high data rate signal becomes skewed 
(relative to the center of the IF filter passband). This 
results in distortion in the recovered data, which 
eventually with increasing magnitude of the frequency error 
makes data recovery impossible. Signals with higher 
frequency components are more vulnerable to this effect, so 
that operation may still be feasible at the standard data 
rate. 

Knowing the temperature of the unit, and the approximate 
average temperature profile, there are a few alternative 
ways to aid data rate selection. A preferred way would be 
to break the operating temperature range into three regions 
where the frequency is likely to be either near its nominal 
value, high, or low. in the system of FIGS . 8A and 8B, the 
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nominal region? s) might encompass the temperature range 
where the frequency is likely tc be within - - 1 KHc which 
is about +/- 2ppm at 450MH2, or */- 0*3 P?^ at 80C.MKZ. The 
high region(s) would be those where the frequency is likely 
to be above this value, the remainder would be classified as 
low regions. A simple high f nominal, or low indication 
would be communicated over the link for use in establishing 
data rate. Because of the statistical nature of the 
temperature profiles, the only time that temperature 
information would be heavily utilized to make a data rate 
decision would be when two units wishing to communicate were 
at opposite extremes, e.g. high and low, or low and high. 

From a practical standpoint, it is more efficient for 
each portable unit to make the determination as to the 
magnitude of the temperature differential relative to the 
base, since in this case, the base can transmit its 
temperature information to all mobile units once each 
polling cycle, minimizing system overhead. If the portable 
unit determines that base and portable frequency errcr are 
at opposite extremes data rate will revert to the standard 
rate . 

For the case of sequential polling, temperature 
information from the base station 70, FIG. 6, can be 
transmitted during an interval such as indicated at 171, 
FIG. 8A, prior to polling of a first mobile unit as at 172, 
FIG. 8A. In a contention type polling procedure, 
temperature information from the base station 70 can be 
transmitted as indicated at 174, FIG* 8B, prior tc a general 
poll at interval 175. 

Each mobile unit having a message to transmit will 
evaluate the temperature condition at the base 70 in 
relation to its ambient temperature as sensed at 83A, FIG. 
6, and determine the correct data rate for its message. For 
example, the first mobile unit may respond to its poll at 
172, FIG. 8A, by transmitting a signal during interval 176, 
FIG. 8A, indicating whether its message will be sent at the 
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standard data rate or at the higher data rate. The has* 
station will then operate its receiver 72a to receive the 
message during interval 177. 

Similarly for the case of FIG . SB, each nobile unit sue- 
as 80 having a message to transmit will evaluate the base 
temperature information in relation to its ambient 
temperature, and respond in a selected time slot such as ITS 
with a message indicating its address and whether its 
message will be transmitted at the standard data rate or at 
the higher data rate. Then when such mobile unit is 
individually polled by the base as at 179, it will proceed 
to send its message at the selected data rate. 

In FIG. SB, the temperature information and general poll 
signal may be combined so as to be transmitted as a unitary 
signal burst e.g. during the general poll interval 175, so 
that the separate transmission interval 174 may be omitted. 



Description cf FIGS. 9A and 95 

For the case cf sequential polling, FIG. ?A shews the 
polling at 181 of a mobile unit such as 80, FIG. 5, whose 
transmitter 82B has been switched over to the lew data rate 
mode, for example as described in reference to FIG. 7A and 
7B. Where the mobile unit has a message to send, it may 
affirm this in interval 182 oy means of a test precursor 
signal at the low data rate during interval 182. This 
signal at 182 causes the base station to switch to high data 
rate reception at 183, whereupon the mobile unit sends a 
test pattern at the high data rate during the corresponding 
interval 193. Ideally a special test pattern would be sent 
during interval 193 which was designed to be particularly 
sensitive to marginal transmission conditions. If the test 
pattern were sent prior to the message to be transmitted, 
then the mobile unit could pause as at 194 to receive 
approval of its test pattern transmission from the base 
before proceeding to send its message, so that the message 
could be sent selectively at the high data rate or at the 
standard data rate depending on the decision signal from the 
base at 195 in reference to the test pattern. 

Thus, if the base sends a switchback signal at 195, the 
mobile unit switches to the high data rate (TXH) and sends 
its message as indicated at 198. 

For the case of contention polling, the mobile unit 
would first respond as in FIG. 5, and at the interval such 
as 52A, FIG* 5, send the test precursor signal as at 182, 
FIG. 9B. Again the data message would be sent at the high 
data rate (as at 198, FIG . 9B) if the high data rate test 
pattern (as at 193) was approved by the base (as at 195). 

For either sequential or contention polling, the mobile 
unit could omit the high data race test pattern and simply 
resume operation at the high data rate until otherwise 
instructed by the base. 

The test precursor signal at 182 r FIG. 9B, could include 
temperature information as described for interval 171, FIG. 
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8A, or 174, FIG . 8B, so that FIGS. 9A, 9B ccuid include the 
features of FIGS. 8A, 8B also. 

As explained in reference to FIGS. 8A and 8B, it is 
advantageous if the base can send a data rate decision- 
relevant signal to all remote units simultaneously in the 
process of dynamic data rate selection. Thus in FIG. 8A, 
the transmission at 171 may include or consist of any of'the 
test signals disclosed herein. For the case of FIG. 8B, any 
such test signal may be transmitted at the low or standard 
data rate in interval 174, or may be included in or comprise 
the general poll signal at 175. Alternatively a high data 
rate test signal may be sent at an interval corresponding to 
interval 171, FIG. 8A, or interval 174, FIG. 8B. 
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Description of FI3. 12 

FIG. 12 shows exemplary relevant details for a 
transmitter 220 which may correspond with transmitter 72A o 
82B, FIG. 6, and for a receiver 221 which may correspond 
with receiver 72B or 82A, FIG. 6. The reference numerals i 
FIG. 12 designate elements of the system as follows; 230, 
communications controller; 231, data source? 232, 
preprocessing and encoding section; 233, modulation 
generator; 234, data shaping filter; 235, transmitter 
oscillator; 236, FM modulator; 237, transmitter amplifier; 
238, antenna; 239, propagation path; 240, antenna; 241, 
receiver local oscillator; 242, down conversion mixer; 243, 
intermediate frequency (IF) bandpass filter; 244, 
limi ter/discriminator demodulator; 245, bandlimiting low 
pass filter; 246, baseband data detector; 247, timing 
recovery section; 248, clock generator; 249, data post 
processing section; 250, data destination; 251, 
communications controller. A description of an exemplary 
implementation of the baseband processing components is as 
follows : 

(1) Digital Pre-processing Section 232 

This function is provided using a commercially availabl 
serial communications controller (SCO. This device is 
programmable under software control so data rate may be 
changed without the need for additional hardware. The SCC 
accepts raw data in parallel form, adds system overhead 
functions, such as framing, error detection, and control 
bits, and clocks out serial data at the proper baud rate. 
It also controls operation (on/off) of the transmitter. 
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(2) Modulation Generator 233 

The NRZ formatted data supplied by the serial 
communications controller of section 232 is a single ended 
logic level signal. Modulation generator 233 includes a 
level translator which converts this input signal to a 
signal which is symmetrical around a d.c. reference voltage. 
This reference is used for the remainder of the baseband 
analog processing circuitry. 

The signal from the level translator is supplied to a 
level adjust circuit which may comprise a simple resistive 
attenuator for scaling the signal to provide the proper FM 
deviation of the carrier. In the exemplary FM data 
transmission system, occupied bandwidth is sixteen kilohertz 
maximum, with five kilohertz maximum frequency deviation. 
This occupied band width constraint restricts the allowed 
deviation at higher data rates. The need to adjust 
deviation for the different data rates is brought about by a 
combination of system considerations, (optimizing deviation 
to maximize link performance at the individual data rates) 
and regulatory restrictions on maximum occupied bandwidth. 

In the exemplary system the circuit is designed to 
switch the attenuation to optimize the deviation for each 
data rate, in particular, the level adjust circuit is 
designed to switch in additional attenuation when 9600 baud 
operation is desired. Control line 261, FIG. 12, may 
control the serial communications controller to effect the 
change of data rate between 4800 baud and 9600 baud, for 
example, and control line 262 may correspondingly control 
the switching in of additional attenuation for 9600 baud 
operation. 



(3) Transmit Data Shaping Filter 234 

The data shaping filter may comprise a linear phase 
response low pass filter with a passhand-width matched to 
the data rate. Its purpose is to minimize the occupied 
bandwidth of the transmitted signal, A switched capacitor 
filter implementation is used in the design which allows the 
bandwidth to be adjusted for 4800 baud or 9600 baud 
operation simply by changing an externally provided clock 
which may be provided from controller 230 via line 263, FIG* 
12. The filtered signal is supplied to the radio 
transmitter FM modulator 236 for HF transmission. 

(4) Receive Lew Pass Filter Circuit 245 

An input circuit to the low pass filter proper may 
provide an amplitude adjustment so that the incoming signal 
from limiter-discriminator demodulator 244 can be set to the 
proper level for the low pass filter and data recovery 
detector circuits to follow. The purpose of the receive 
filter is to minimize intersymbol interference at the 
receive data recovery circuitry. It also provides a d.c. 
offset to center the signal within the input range of the 
low pass filter and zero crossing detector. The low pass 
filter itself may be a switched capacitor linear phase 
filter similar to the filter used in component 234 of the 
transmitter. Its purpose is to remove noise components 
which are outside of the data bandwidth. The bandwidth of 
this filter is determined by an external clock signal 
supplied via a line 265, FIT?. 12, from controller 251. 



(5) Receive Para Recovery Circuitry 247 

This circuitry may function as a zero crossing detector 
and may comprise a reference recovery circuit and a 
comparator with hysteresis. The d.c. bias voltage from the 
filter circuit 245 varies in proportion to the total 
frequency error in the received signal and local oscillators 
(the same phenomenon that causes skewing in the IF filters 
243). The reference recovery circuit tracks the signal and 
extracts a reference signal which is applied to the 
comparator. The comparator compares the incoming signal 
against the reference to detect zero crossings in the data. 
Hysteresis is utilized to provide additional noise immunity 
under weak signal conditions. 

A zero crossing detection approach is considered 
advantageous because it is relatively insensitive to the 
amplitude distortion that occurs in the receiver at the 9600 
baud data rate. Such a circuit is selected because its 
operation is relatively data rate independent. It can be 
used at 4800 baud or 9600 baud without adjustment. 

( 6) Timing Recovery and Clock Generator 

The function of the timing recovery circuit is to 
synchronize a locally generated data clock signal with the 
incoming MRZ data. Possible implementations include an 
early-late gate or phase locked loop. By continuously 
monitoring the degree of coincidence of received data 
transitions and the recovered clock signal, a signal quality 
indication can be derived for use in making data rate 
selection decisions. The recovered clock signal may be used 
to gate the data recovery circuit at the center of each 
received bit, which may provide improved performance at the 
expense of more complex hardware. 

Timing recovery may be performed in parallel with data 
recovery as shown in FIG. 12, or serially, following data 
recovery. 
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(7) Digital Post-Processing 

As with component 232 cf the transmitter, this function 
may implemented in a serial communications controller. The 
primary functions of this device are to remove system 
overhead information that was added for transmission, 
perform error control analysis, and provide the raw data to 
the data destination. It may also be used to perform some 
or all cf the timing recovery function, if the serial 
implementation is selected. Data rate is programmable under 
software control and may be controlled from ccntrciler 251 
as represented by control line 266. 

Data source 231 and data destination 250 may be 
implemented as a universal asynchronous receive/ transmit 
circuit (UART) which supplies data to the component 232 
during transmitting operation and which receives data from 
post-processing component 249 during reception operation. 
The controller such as 230 or 251 may be connected in 
parallel with such a UART component for inputting data 
thereto for transmission, and for receiving data therefrom, 
in parallel, during reception. Alternatively, data may be 
provided to the controller via direct memory access or DMA. 
In this approach the serial communications controller stores 
the received data in a designated memory location where it 
can be directly retrieved by the controller. 

It will be understood by those skilled in the art that 
in practice, the timing recovery section 247, clock 
generator 248, and the controller components may all be 
implemented in a single microprocessor, as would a portion 
of the receiver post-processing section 249. 

The circuitry of FIG. 12 represents a narrow band 
frequency modulation (FM) radio data communications system. 

FIG. 12 shows a received signal strength indicator 
(RSSI) 270 associated with the limiter-discriminator section 
244, and a signal quality indicator 271 associated with the 
clock generator 248. Components 270 and 271 will now be 
discussed in separately headed sections. 



'.!) RSSI Component 2^ 0 

Several integrated circuit FM demodulators now 
incorporate the RSSI function. in operation, an output 
voltage or current is provided proportional to the degree o 
limiting in the limiter portion of the integrated circuitry 
The RSSI output may be applied to an analog to digital 
converter and then to the microprocessor of a controller 

such as 71 or 81, FIG. 6. or ptt n «. 

, ciu. or ^3X, FIG. 12. The proqrammina 

of the microprocessor of the controller may then determine" 
the presence and signal strength of the carrier, and make a 
decision as to whether it is desirable to revert to the 
lower data rate. The individual polling signals such as 21, 
23, 25, 27 in FIG. 2 and such as 51 and 54 in FIG. 5 may 
take a special form for signaling the respective addressed 
terminal unit that messages are to transmitted at the lower 
data rate until further notice. Since other factors than 
signal strength influence the ability to use higher data 
rates, such as skewing of the received signal frequency and 
receiver local oscillators due to temperature, it is 
conceived that other criteria may be utilized along with 
received signal strength to determine when switching to the 
lower data rate is advisable. 

in evaluating multipath effects the RSSI output should 
be sampled several times during receipt of a message. Data 
rate selection should be based upon a weighted average 
value. The weighting function should give emphasis to the 
lower signal strengths measured since the average strength 
of a fading signal tends to approximate its peak value. 
(2) Signal Quality Indicator 271 

A preferred method of evaluating whether to switch to a 
low data rate is to use a signal quality indicator derived 
from the receive clock generator 248. This indicator would 
produce a signal by comparing the regenerated receive clock 
which would contain some amount of jitter due to noise and 
distortion in the radio link, with the ideal clock, a test 
pattern as described with reference to FIGS. 9A, 9b, 10 and 



11 would most likely still be advantageous so as to make the 
measurement more reliable and sensitive. 

The receiving unit performs a qualitative analysis of 
the 9600 baud signal, e.g. a special test pattern, by 
sensing the jitter in the received signal. The majority cf 
the signal quality indicator circuit 271 can easily be 
implemented in any one of a number of commercially available 
programmable logic devices. The control portion may utilize 
the onboard microcomputer of the controller 251. 
Alternatively, the entire jitter characterization function 
could be implemented in software given a sufficiently 
powerful microcomputer. 

By way of example, the test pattern may consist of an 
initialization sequence used to establish timing, and a 
known bit pattern. The jitter characterization circuit 271 
is held in a standby mode until the initialization sequence 
is expected. The initialization sequence may consist of an 
alternating pattern of eight ones and zeros. A clock 
pattern can be used for synchronization because the time 
uncertainty of the beginning of the sequence is slight. If 
uncertainty were greater a seven bit Barker sequence could 
be used. 

For timing synchronization, the circuit functions as a 
sliding correlator. A bit image of the ideal timing 
initialization sequence sampled at seven samples per bit 

(11111110000000 ) is loaded from the pattern memory into 

the compare register. The incoming data is sampled as 
shifted into the shift register at seven times the bit rate. 
After each shift operation, the shift register and compare 
register are exclusive or-ed, and the degree cf correlation 
(number of errors) determined. This continues until the 
number of errors detected is less than a maximum error 
threshold (in this case thirteen errors). At that point, 
the shift operation continues as long as the number of 
errors continues to decrease, when an increase in the 
number of errors is noted, synchronization is assumed to 



have occurred on the previous clock sample. If the number 
cf detected errors dees not decrease to below the threshold 
within a timeout period, the remainder cf the daca 
characterization is not performed, and e.g. 4800 baud 
operation is used. 

Once clock synchronization has been obtained, the 
circuit enters a block correlation mode. A fifty-six bit 
image of the first eight bits cf the pseudorandom test 
pattern is loaded into the comparison register. Incoming 
data is clocked in for the next fifty-five clock cycles. 
(Fifty-five cycles are used for the first comparison because 
the bit synchronization is one clock cycle off. Thereafter, 
fifty-six cycles are used.) At the end of the clock period, 
the shift register and compare registers are exclusive or- 
ed, and the number of errors determined. The next fifty-six 
bit image is then loaded into the comparison register and 
the next fifty-six samples are shifted in. This process 
continues for the duration of the test pattern. 

A running total of the number of detected errors, 
including those noted in the synchronization process, is 
maintained throughout the characterization process. At the 
conclusion of the process, the total number of errors is 
compared against a threshold value to make the data rate 
decision. The threshold for selecting e.g. 9600 baud 
operation is sixty errors out of two hundred eighty samples 
or twenty-one percent. If the error percentage is above 
this level, e.g. 4800 baud operation is used. 

For embodiments such as shown is FIGS. 10 and 11, the 
data rate selection must be communicated to the base station 
controller means such as 71 in the poll response. This 
response could also contain a test sequence to characterize 
the return link as in FIG. 9B. If a reciprocal channel is 
present, characterization of one of the links only may 
generally be adequate to establish the data rate, and would 
result in lower system overhead. 



The length of the pseudo-random test pattern used is 
somewhat arbitrary* An initial design uses a pattern cf a 
length of forty bits, including eight bits for 
synchronization. The forty bit pattern length was selected 
because it represents a good compromise between signal 
characterization and low system overhead. It is more than 
adequate to characterize the degradation of the link due to 
poor signal strength and distortion in the channel. 

If a signal quality indicator is available from the 
received clock generator, the use of a correlator is a 
redundant function. The test pattern could be used in 
either case. 



General Discussion of fig . 12 

FIG. 12 particularly illustrates a system for ucgrading 
the present commercial system as described in reference *o" 
FIGS. 1-5. 

Thus, the system of FIG . 12 may be operated so as to be 
compatible with the earlier mobile units of FIG. 1,2 and 3 
which form part of the commercial RT1200 system, and may 
also utilize terminals as represented in FIG. 4 forming part 
of the RT2200 commercial system. To accomodate such mobile 
terminal units, the system of FIG . 12 may conduct its 
polling operations at the standard data rate of 4800 baud. 
Thus, the system of FIG . 12 is particularly adapted for use 
in inventory management and material control applications in 
retail stores, warehousing, and manufacturing, for example, 
allowing operators at remote locations to communicate 
interactively with a central computer system on a real-time 
basis . 

The radio system of FIG. 12 may utilize a star network 
configuration. The base station may comprise receive and 
transmit sections as in FIG. 12 and may utilize a single 
communications controller for performing the functions of 
controllers 230 and 251, FIG. 12. Accordingly, the single 
communications controller of the base station may correspond 
with controller 71, FIG. 6, and provide a data interface to 
a host computer such as represented at 74, FIG. 6. Thus, 
data from the single controller is converted into a radio 
frequency signal, and signals received from remote units of 
the two commercial types and from remote units as 
represented in FIG. 12 are converted into logic level 
signals and provided to the single controller. 

The remote units of the three different kinds are 
designed to be operated in a common system and each may be 
used either as a hand-held portable device or as a mobile 
unit on a forklift or other vehicle. Each remote unit has 
the capability of working with a variety of peripheral 
devices, the most common of which are various types of 
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barcode scanners. The remote units mav 
microcomputer for „ » » . 

such as 230. 251 F-r- ii j -cnt._n«rs 
then „«„ . ' SU=h ""oral micrcccmouter 

then controls operation of the remote unit and provides 
local processing of user and peripheral device incurs 
The system of FIG. 12 particularly relates to'dat, 

pe I tted ? SeVetal diff6rent "° dUUti °° »"»-« «.W 
permuted, frequency modulation ,F«, u il lustrated iR „„ 

2 Equipment operating under these cond 
unite states is subject to the foUo,i„ 9 ligation 

with llTuZ * and " idth 15 sl " een ku ° he ^ 

With five kiloherts maximum frequency deviation 

(2) Channel sparine is 25 kiloherts. This requires eh. 

the potential for interference from nearby radio eguinmenr 
operating on adjacent channels. equipment 

(3) Maximum output power is generally in the range of 

fixed location. however, transmitter power output may be 
limited to two watts maximum, and limitations may be placed 
on antenna height as well. Xhese restrictions are intended 
t= limit system range so as to aUow efficient re-use of 
frequencies. 

For non-return to zero (NRZ ) data modulation, the 

ate ^'""V"™ I- equal to one half the data 
rate n b d . Haximunl deviation Qf ^ 

than th I ^ ^ency which is less 

than three kilohertz, but lower deviations are oenerall y 

at 9 : 1 :; t th hi9her moduiation *»».. 

rate of ten thousand baud, and an occupied bandwidth of 
sixteen kilohertz, the peak F« deviation which can be 
utilized for NRZ data may be three kilohertz or less. 

Considerations of cost versus performance tradeoffs are 
the major reason for the selection of the frequency 
modulation approach used in the system. The approach 



utilizes shaped ncn-return-to-zero { NRZ ) data for bandwidth 
efficiency and ncn-coherenc demodulation using a limiter- 
discriminator detector for reasonable performance at weak P.r 
signal levels. 

The radio transceivers in the base and remote units have 
been derived from design configurations originally devised 
for voice equipment, thereby taking advantage of the 
existing components developed for that market, while the 
performance of these modules has been optimized specifically 
for data, cost considerations have dictated that performance 
goals be compromised in some areas, particularly transmitter 
and receiver local oscillator frequency stabilities and IF 
filter characteristics. 

For example, in the illustrated embodiment, transmit 
oscillator 235 and receiver local oscillator 241 may have a 
frequency stability over a temperature range from minus 
thirty degrees Celsius to plus sixty degrees Celsius of five 
parts per million (.0005 percent). 

The IF filter 243 is selected to pass the modulated 
signal with fidelity, and to provide the required adjacent 
channel selectivity. The filter pass band must be wide 
enough to accomodate center frequency errors due to the 
transmitter and receiver frequency tolerances noted above. 
Ideally, the filter should have linear pass band phase 
characteristics to avoid introducing delay distortion in the 
recovered data. Cost considerations have dictated 
performance compromises in filter selection. The filters 
used exhibit both amplitude roll-off and nonlinear phase 
characteristics near the edges of the pass band, which 
results in detectable intersymbol interference (ISI) in the 
recovered baseband signal at higher data rates, particularly 
when frequency offset error is present. 

The following is a summary of some of the factors which 
prevent reliable continuous operation of the system of FIG. 
12 at the higher data rate such as 9600 baud under all 
operating conditions: 
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(1) There is a sensitivity penalty for ocerating at 
higher data rates. For a given bit error rate f«r R , the 
combination of higher baseband low pass filter bandwidth 
and lower bit energies dictates a need for a stronoer signal 
at the receiver input than that required for lower data 
rates. This is compounded by the fact the occupied 
bandwidth restrictions f orc e the use of lower than optimum 
deviation when higher data rates are utilized. if 
transmitter power is fixed by constraints such as 
regulations, cost, or battery life, this decrease in 
sensitivity translates directly into a decrease in system 
range . 

(2) The twenty-five kilohertz channel spacing 
requirement has resulted in the use of narrow band IF 
filters in the receiver. These filters tend to orovide 
amplitude roll-off of high frequency components in the 
recovered data. Furthermore, cost considerations have not 
allowed the use of filters with linear passband phase 
characteristics, and this results in delay distortion 
(jitter) in the recovered data. These effects are most 
pronounced for data signals with frequency components above 
three kilohertz. 

(3) Changes in ambient temperature cause changes in the 
transmitter and receiver local oscillator frequencies. This 
tends to be least detrimental when a base and remote unit 
are at about the same temperature, and to be most 
detremental when they are at opposite temperature extremes. 
Also, repeated temperature cycling causes aging or long-term 
drift in the crystal frequency control elements over t^me 
These two effects result in skewing of the received sicmal 
so that it is no longer centered in the IF filter, 
compounding the effects cited in the preceding paragraph 
( 2 ) » 

(4) Because the system under discussion here is intended 
for use within single buildings or complexes of buildings, 
propagation anomalies such as shadow fading and Rayleigh 



fading are troublesome. These effects are generally worse 
for higher data rates both because of the shorter bit 
intervals involved (shorter integration time in the data 
recovery process) and because of the sensitivity degradation 
noted in the preceeding paragraph (1). 

Because of the difficulties just noted, it is net 
possible to provide adequate system performance under all 
conditions in the intended applications at a relatively high 
data rate such as ten thousand baud. The use of a lewer 
data rate such as 4800 baud provides improvements in system 
range and reliability even in comparison to a data rate of 
seven thousand baud. Field experience has proved that 48C0 
bits per second data rate is an excellent compromise for 
systems that employ limited numbers of remote units, and can 
tolerate the lower throughput rate. Switching the data race 
between 4800 baud and 9600 baud instead of between 4300 baud 
and 10,000 baud, for example, is preferred because of lower 
cost. 

Since some transceiver module designs that may be 
utilized in FIG. 12 do not have RSSI capabilities, it may be 
preferred to use the RSSI measurement as an optional or 
secondary indicator, the system still being effective in the 
absence of component 270, FIG. 12, but with slightly lower 
thoughput efficiency. Where the RSSI measurement is 
utilized, it is considered desirable to sample the output of 
component 270 three to five times during a poll interval to 
gain an accurate indication of signal strength, e.g. to take 
account of signal fading effects. For initial message 
transmission, the default data rate to be used may be 9600 
baud, unless the RSSI measurement indicates weak signal 
conditions. Thereafter, 9600 baud will continue to be used 
until low signal strength is detected, or a communication 
failure occurs. On failure, the system will revert to 4800 
baud message transmission until a retry algorithm initiates 
another 9600 baud attempt. 

The decision to retry the high data rate may be based on 
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a number of factors in the embodiment of FIG, 12. If c~^r 
signal strength indication at component 270 dictates h800 
baud operation, then 9600 baud operation can be attempted as 
scon as signal strength improvement is noted. If 4800 baud 
was utilized because of 9600 baud communication failure, 
several factors can be considered in determining when to 
attempt 9600 baud operation again* These factors include: 

(1) Elapsed time since the last S600 baud attempt. 
Since remote units are generally hand held or mobile, 
factors which force the lower data rate are subject to 
change as t 

(2) Monitoring of 9600 baud transmissions from the base 
to other remote unics. These transmissions can be used as 
test patterns to determine if 9600 baud transmissions can be 
received without errors. 

(3) System traffic. If the system is lightly loaded, 
more frequent attempts at re-establishing 9600 baud 
communications can be made without introducing unacceptable 
degradations in system response time. In the sequential 
polled protocol loading can be determined by measuring the 
elapsed time between successive polls of a particular 
address. In the contention protocol, loading can be 
ascertained by monitoring the number of empty time slots 
(i.e. time slots in which no response message occurs). 

(4) Number of message transmissions since the last 9600 
baud attempt. That is, the algorithm may cause a retry of 
9600 baud operation every fifth, or tenth or twentieth 
transmission. 

(5) Internal temperature of t*e base and/or remote unit. 
Since many of the skewing effects of the IF filters are 
temperature related, continued temperature extremes (high 
temperature differential between base and mobile unit) could 
indicate less frequent retries at 9600 baud should be 
attempted. Temperature information is available in the 
remote units for use in other circuits, and can be utilized 
without introducing additional cost for the unit. 



It is kncwn in the art to utilize FM data equipment 
wherein one cf several data rates may be selected by the 
system user at the time cf system installation based upcn 
propogation conditions cf the particular ins tallation . A 
significant disadvantage of the user-swi tchable approach 
results from the fact that in many mobile installations 
propogation conditions are not static, but are subject to 
dramatic change in the course of short periods of time. 
This is the case normally in systems utilizing mobile or 
portable devices. The key characteristics of the approach 
of the present disclosure, on the other hand, are: 

(1} Dynamic adaptive data rate selection takes place 
automatically to increase data transmission efficiency and 
reliability where communication may be required under 
relatively strong and relatively weak signal conditions, and 
where propogation conditions may change rapidly. 

(2) Handshaking between devices may be used to initiate 
a communications session and to establish the data rate for 
that session. 

(3) Signal quality measurements for determining 
automatic switching may be based both on direct measurements 
of signal quality as represented at 271 in FIG. 12, and also 
on indirect measurements such as represented by the received 
signal strength indicator component 270, FIG. 12. 
Additional parameters may be readily introduced by 
programming. 

(4) As shown in FIG* 12, performance characteristics of 
the baseband signal processing apparatus may be adapted to 
optimize the devices for communication using the respective 
different data rates. 

(5) As shown in FIG- 12, a preferred approach may 
involve pre-modulation and post-demodulation signal 
processing operations only so that it is particularly cost 
effective to implement. 
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Discussicn of the Use cf a Test Pattern to Evalua"* 
Susceptibility to Jitter 

The signal quality indicator 271, FIG . 12, may detect 
jitter in the recovered data by multiple sampling cf the 
recovered digital data stream e.g. from a test pattern at a 
rate of ten or more samples per bit to determine the extent 
to which the intervals between bit transitions differ from 
the nominal intervals for 9600 baud transmission. A 
disadvantage cf this approach is that it is beyond the 
capabilities of the serial communications controller which 
is preferably utilized in post-processing section 249 and in 
the associated digital pre-processing component 232 of each 
transceiver. It can be implemented by providing the 
recovered data directly to the microcomputer of controller 
251. For a presently available low cost microcomputer, this 
prevents the microcomputer from handling other tasks during 
the evaluation of the received test pattern. In this 
implementation, the test pattern can be relatively short, 
for example thirty-two bits. 

A jitter characterization approach as already described 
with reference to component 271, FIG. 12, transmits a "worst 
case" data sequence which is specially selected to have a 
high susceptability to noise and distortion. If the serial 
communications controller (SCO is able to decode the 
sequence, 9600 baud transmission is automatically selected. 
If it fails to decode the sequence, 4800 baud . transmi ssion 
is automatically used. The advantage of this jitter 
characterization approach is that it does not require the 
use of the microcomputer of the communications controller 
component. Using this approach requires a longer test 
pattern, perhaps several hundred bits* 
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Explanation of the General Concept of Handshaking and rr s 
application to Data Race Selection According to the Pr»sen- 
Invention Q c •* ^ 

The following generalized example explains how data rate 
selection may take place as between units which utilize a 
handshaking mode of communication. This example illustrates 
the application of the teachings of the foregoing 
embodiments without reference to the particular protocols o* 
FIGS. 2 and 5. 



GENERALIZED EXAMPLE 
(protocol independent) 

Consider a radio system that consists of several unit, each 
with a unique address. 

1) In the simplest case, the system may consist of two 
units, #1 and 42, one or both of which are mobile. 

2) In a standby mode of operation both units program 
their receivers to receive at the low data rate 

3) When a unit has information to communicate, it 
switches to transmit at the standard rate, and s*.... 
a query to the other (target) unit. Following this 
transmission, the unit switches to once again receive 
at the standard rate. 

4) If the target unit for some reason (e.g. out of 
range) does not correctly receive the query it makes 
no response. After a time out period, the initiating 
unit may periodically attempt to re-establish the 
link. 

5) If the target unit correctly receives the 
transmission it performs an analysis to determine the 
quality of the radio link (propagation path and radio 
hardware). This may involve combinations of signal 
strength measurement, jitter in the received data, or 



use of information communicated in the transmission. 
A transmission which is to be evaluated as an aid to 
deciding on a dynamic basis whether a high data rate 
is feasible is herein termed a "test signal" or "test 
transmission.' 1 Based upon the results of the 
analysis, the unit determines whether to utilize the 
standard data rate or a higher rate for a subsequent 
communications session between the two units. 

6) The target unit completes the handshake by switching 
to transmit at the standard rate and communicates its 
data rate selection to the initiating unit. It then 
switches to receive at either the standard or higher 
data rate depending on which it has selected. 

7) The initiating unit, upon receipt of the return 
handshake, switches to transmit its message at the 
selected data rate. 

8) Upon receipt of an end of message indication from the 
initiating unit, the target unit, switches to 
transmit at the selected rate, and sends a response 
or acknowledgement to the initiating unit. 

9) If the high rate has been selected, and for seme 
reason signal propagation conditions change durir. 
the communications session such that communication at 
the high rate becomes impossible, the units would 
after a timeout period attempt to re-establish the 
session at the standard data rate. 

It will be apparent that many further modifications and 
variations may be effected without departing from the scope 
of the teachings and concepts of the present invention 
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Description of FIGS . 13-16 

In the protocol of FIG . 5, the base station and mobile 
terminals were only capable of single data rate operation 
at a limited normal data rate. Such a limited normal data 
rate was selected so that reliable communication could take 
place over the entire geographical operating range of the 
mobile transceiver units. Such a normal data rate is 
selected taking account that the mobile transceiver units 
may operate net only at close range where receive signals 
are strong, but also in fringe areas where received signals 
are extremely weak. Furthermore, the mobile units may 
operate under extreme conditions of temperature in 
comparison with the temperature of the base transceiver 
station . 

FIGS. 13 to 16 illustrate enhanced protocol systems 
suitable for upgrading a system such as illustrated in FIG . 
5 for increased data throughput without requiring the 
upgrading of firmware in the large population of terminals 
designed for single data rate operation at the normal data 
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rate. The approach of FIGS. 13 to 16 achieves an 
advantageous simplicity in operation of the data collection 
system in spite of the presence of such single data rate 
mobile terminal units. 

In the embodiments of FIGS, 13 to 16, the base/ 
controller station dynamically adjusts the number of slots 
associated with a low data rate poll based upon channel 
traffic at the low data rate r and dynamically adjusts the 
number of slots associated with a higher data rate poll 
based on channel traffic at the higher data rate. A 
terminal capable of high data rate operation for which the 
base station has an (outbound) message may be initially 
identified as part of a multi-terminal poll (MTP) having 
the high data rate if such high rate was currently being 
used by such terminal. However, because of the possible 
rapid variation in operating conditions for each terminal 
during its movement at varying distances from the base 
transceiver station, if the base does not receive a 
response from such a terminal at the high data rate, the 
base may send the address of such a station as part cf 
further multi-terminal polls at the normal data rate as 
well as at the high data rate. A terminal having multiple 
data rate capabilities, with a need to transmit an inbound 
message, will monitor the higher data rate poll and if such 
higher data rate poll is successfully received, the 
received signal will be evaluated e.g. taking account cf 
received signal strength and pccential rapid signal fading 
effects, so as to determine whether transmission should be 
attempted at the high data rate. 

As explained in relation to FIG. 12, the contention 
polling signal at the higher data rate may have its 
received signal strength measured at 270, FIG. 12, the RSSI 
output being sampled several times during receipt, and 
evaluated according to a weighted average value, the 
weighting function giving emphasis to the lower signal 
strengths measured, since the average strength of a fading 



signal tends to approximate its peak value. The indicator 
271 may be utilized tc measure jitter due tc ncise and 
distortion in the radio link as described with reference t 
FIG. 12. Further, temperature measurements at the base 
transceiver unit and at the mobile terminal unit may be 
compared utilizing temperature sensors such as 73A and 83A 
as described in reference to FIG. 6. 

At the conclusion of contention polling at the low 
date rate, the base station establishes communications 
sessions with those mobile units that were successfully 
identified within the allocated number of response slots 
associated with such low data rate poll. Such 
communications sessions are established by polling the 
respective terminal by means of its unique address, 
receiving the terminal response, and the base transmitting 
an acknowledgement for each respective terminal. The 
combination of the multi-terminal contention poll and 
resulting communication sessions comprises one variable 
length low data rate communications frame. Such a variacl 
length communications frame is represented in FIG. 13 as 
comprising a low data rate (e.g. 4800 baud) multi-terminal 
poll during interval 300, followed by a selected number cr 
response slots SI, S2,..., SM. The response time interval 
301 represented by the total duration of the M slots is 
then indicated as being followed by a low data rate (e.g. 
4800 baud) communications session during an interval 302. 

In FIG. 13, the variable length low data rate 
communications frame 300-302, is followed by a high data 
rate variable length communications frame including a high 
data rate (e.g. 9600 baud) multi-terminal poll at 311, a 
selected number of response slots Si, S2,..., SN (where N 
would generally be a different number than M), covering a 
response time interval 312, and followed by a high data 
rate communications session with successfully responding 
mobile terminal units as indicated at 313. 



FIG. 14 illustrates a specific example in accordance 
with FIG. 13 where the low data rate and high data rate 
communications frames alternate, FIG. 14 shewing four 
response slots following a high data rate mul ti-terminal 
poll interval 311 (N equals four), and one response slot 
following the low data rate multi-terminal poll at interval 
300. 

In the embodiments of FIGS . 13 and 14, the base/ 
controller station transmits multi~te rminal pells 
alternately at the low and high data races, and the 
individual mobile terminal units will selectively respond 
to the contention poll which provides the optimum data rate 
for the channel characteristics in their respective current 
locations. Such response will establish the data rate for 
the subsequent communication session between the base and a 
successfully responding mobile terminal unit. 

The data rate determination can conceivably be made 

using any or all of the means described with reference to 

FIGS. 6 through 12. A simple approach is to (a) require 

the mobile terminal units to successfully decode the h 

data rate poll and (b) require the RSSI output to indi- 

a received signal level providing sufficient fade margin 

(e.g. twenty decibels higher than the high data rate 

sensitivity threshold of the terminal base) in order to use 

the high rate. The high data rate sensitivity threshold is 

taken with reference to the maximum acceptable bit error 
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rate (BER) for the given application (e.g. a nominal 10 , 
i.e. ten to the minus six power, or one in one million, BER 
sensitivity at the high data rate), the RSSI threshold 
being selected so as to result in some small number of re- 
transmissions due to fading effects and other channel 
disturbances. As previously explained, the RSSI 
measurement is to be weighted so as to take account of the 
rapid fading effects which can be expected when the mobile 
transceiver units are in continuous or frequent motion at 
various distances from the base transceiver station. Such 



rapid fading effects are to be contrasted with slew fading 
effects which might be experienced between stationary 
transceivers in an office building due to the movement of 
people, mail cares, and the like, in a typical applicatic 
of the present invention, the RF transceiver of a mobile 
unit may be secured with a bar code scanner such as a 
deflected laser beam bar code scanner or an instant type 
CCD bar code scanner. In such an example, the bar code 
data could be transmitted to the base station as the RF 
transceiver and a scanner device were being jointly 
transported by a vehicle 'e.g. a forklift truck) to another 
site, or the RF transceiver and a scanner e.g. as a unitary 
hand-held device, could be carried by the operator to 
another site as the bar code data was being transmitted to 
the base station. Because of the possible continuous or 
frequent movement of the mobile transceiver units within a 
factory or warehouse environment or in outdoor 
environments, the successful reception of a high data rate 
polling signal alone generally should not be relied upon in 
evaluating whether communication should be carried out at 
the high data rate. The probable feasibility of 
communication at the high data rate, (with the goal of 
higher data throughput in the system), must also take 
account of the possible motion of the mobile transceiver 
unit and the consequent possibility of fast fading (rapid 
fluctuations in signal level due to multi-path effects) 
during the course of a message transmission (e.g. of 
collected bar code data). Thus, the purpose of using a 
signal quality indication, for example the RSSI measurement 
of component 270, FIG. 12, or the jitter characterization 
as represented at 271, FIG. 12, is to ascertain whether 
there is likely to be sufficient margin against fading (or 
other channel disturbance such as impulsive noise due to 
electrical machinery) during the course of the 
transmission. 



By way of example, empirical data shews tnat twenty 
decibels of signal margin relative to the nominal 10" e f ten 
to the minus six power, or one in one million* BER 
sensitivity threshold at the high data rate, provides 
protection against about ninety percent of the fades 
encountered in fringe areas in a typical industrial 
environment, while fifteen decibels of signal margin 
provides protection against seventy percent of such fades. 
Thus, for example, the RSSI threshold for determining 
whether to transmit at the high or low rate is established 
at some level above the minimum level at which reliable 
communication is usually possible at the higher data rate. 
If the threshold is set too high, a significant number of 
transmissions which could have been made at the high rate 
will be made at the low rate, reducing throughput. If the 
threshold is set too low, fading will result in a 
significant number of re-transmi ssions , which will also 
reduce throughput. An optimum RSSI threshold at twenty 
decibels above the nominal 10~ 6 BER sensitivity at the high 
data rate will result in some small number of re- 
transmissions due to channel disturbances, but generally 
will provide an optimum data throughput for the overall 
system. 

handshake transmission (e.g. the unit making the response 
to a multi-terminal contention poll) makes the rate 
switching decision. In the embodiment of FIGS. 13 and 14, 
the rate switching decision is to be made by the mobile 
terminal unit. A decision in both the base station and the 
mobile transceiver unit might be desirable if the channel 
were not symmetric, for example if the base station had 
significantly higher power output than the mobile unit. 
The approach of having the mobile transceiver units 
equipped with sufficient intelligence to distribute to them 
the data rate switching rate decision, results in fewer 
transmissions required to dynamically adapt data rate in a 



rapidly changing propagation environment. The system as 
represented in FIGS . 13 and 14 in this respect is 
particularly adapted to the data collection environment 
wherein the mobile transceiver units may be in continuous 
or frequent motion with consequent rapid variations in 
signal strength, frequent operation in fringe conditions, 
and environmental extremes {e.g. of temperature as between 
a mobile unit and base station) degrading hardware 
performance . 

In the simple example where data rate determination is 
based on the successful decoding of the high data rate poll 
and an adequate RSSI output evaluated to take account of 
rapid signal fading effects, the poll at 311 itself 
actually functions as a test pattern, and the occurrence of 
any bit errors in the decoding of the high data poll 
indicates the use of the low rate. The system of FIGS. 13 
and 14 may make use of jitter characterization, e.g. based 
on the stability of recovered data clock during the 
received polling signal itself. As a fail-safe measure, 
excessive failures at accessing the base station through 
response to the multi-terminal poll, or errant message 
transmission attempts at the high data rate will result in 
the mobile terminals selecting the low data rate, with 
periodic retries at the higher rate, e.g. based on the 
various criteria described with respect FIGS. 6 through 12. 

Internal temperature information can be used in 
conjunction with a stored table containing typical 
oscillator frequency offsets as a function of temperature. 
The combination use of the fail-safe mode (good siarial 
strength, but poor communications), and operation at a 
temperature where large oscillator frequent offsets can 
typically be expected, will dictate less frequent retry 
attempts until temperature measurements indicate that the 
frequency offset is most likely reduced. 

The ability of the base station according to FIGS. 13 
and 14 to independently adjust the number of slots for the 



low data rate frame s and for the high data rare frames 
according to the recent traffic at the respective data 
rate, preserves the throughput advantage of dual or 
multiple data rate operation by minimizing system overhead. 

The example of FIG. 14 where four slots are allocated 
to high data rate communications (e.g. 9600 baud), and one 
slot is allocated to low data rate communications (e.g. 
4800 baud) may result where the majority of traffic had 
been occurring at the higher data rate, with perhaps only 
occasional transmissions at the lower rate. 

FIG. 15 shows switching alternately between the high 
and low data rate frames, with the values cf N and M 
varying in accordance with the numbers of responses tc the 
respective high data rate and low data rate polls. For 
example, if a number cf full slots and collisions between 
responding mobile stations occurs with a value of N of four 
as in FIG. 14, a succeeding high data rate frame such as 
indicated at 320 in FIG. 15 may take place with an 
increased number of slots, e.g. five slots { N equals five) 
or more at 312-A, FIG. 15. Similarly if collisions 
occurred at the single slot at interval 301A in response to 
the low data rate poll, then the number of slots at a 
subsequent communications frame 321 might be increased to 
two (M equals two) or more during the response interval 
301B, FIG. 15. 

FIG. 16 shows a different switching implementation 
which more heavily favors one rate (in this case a high 
data rate of 9600 baud) or the other. This could be the 
case when no active terminals are communicating at one cf 
the two rates, and only periodic transmissions at the 
unused rate are necessary to provide access for ternnnaJs 
which might have been out of range of the base or powered 
off. Thus in FIG. 16, three successive high data rate 
communications frames 331, 332, 333, alternate with a 
single low data rate communication frame 334. As before, 
the successive multi-terminal contention polls may be at a 



data rate cf 9500 baud as indicated at 311-1, 311-2 and 

311- 3, and the number of response slots at 312-1, 312-2 and 

312- 3 may be varied in successive frames and in successive 
cycles of high data rate and low data frames to dynamically 
adapt the system to the instantaneous leading conditions at 
the respective data rates. 



Description of FIG. 17 

For each of the preceding embodiments, operation may 
be carried out at the mobile transceiver units generally as 
represented in FIG . 17, In this sequence of operation, the 
base station issues a poll at the lower data rate which is 
followed by a test pattern at the higher data rate. For 
FIGS 13-16, the high data rate contention poll at 311 cr 
311-1 constitute the test signal. 

The mobile transceiver units initialize for reception 
of the low data rate poll as indicated at 17-1 and wait fcr 
the start of the poll as indicated at 17-2. when the poll 
is received, it is decoded as indicated at 17-3 and the 
RSSI reading is sampled as indicated in 17-4. If the 
evaluation of the poll as indicated at 17-5 is favorable, 
the mobile unit switches to receive a test pattern at the 
high data rate as indicated at 17-6 and processes the high 
data rate test pattern as indicated at 17-7. 

Referring to the embodiment of FIGS. 13-16, each time 
the multiple rate mobile units are reset by the base, the 
mobile transceivers may be placed in low date rate 
receiving condition, whereupon the base station sends a low 
data rate poll e.g. at 300, FIG. 13. When a valid low data 
rate poll with characteristics (e.g. sampled and properly 
weighted signal strength) favorable to the use of the high 
data rate for the transmission of collected data, has been 
received by a given multiple rate mobile unit, the 
transceiver of such mobile unit is switched to receive a 
high rate contention poll signal as at 311, FIGS. 13, 14 
and 15, or as at 311-1, FIG. 16. The steps following step 
17-7 in FIG. 17 would then involve evaluation of such high 
data rate contention poll for validity and evaluation of 
the characteristics of the received high data rate 
contention poll {e.g. with respect to received signal 
strength and/or jitter as described with reference to FIGS. 
13-16). 



If the decision concerning the test pattern 'e.a. as 
represented at 210, FIG. 11) cr concerning the high data 
rate contention poll of FIGS . 13-16, as represented bv 
block 17-8 in FIG. 17, is negative, then the mobile 
transceiver unit may respond selecting the low data rate 
for transmission of its data (as with mobile unit =0 in 
FIG. 11) or the mobile transceiver unit may await a low 
data rate pell {as at 300A, FIGS. 14, 15 and 16). 

Where a mobile unit selects a low date rate and 
successfully responds, a specific poll addressed to the 
mobile unit will then be at the low data rate as 
represented by "poll *0" in FIG. 11, and the data then 
transmitted to the base will be sent at the low data rate 
as shown in FIG. 11, and as represented by block 17-9, FIG . 
17. 

If the decision at 17-8 favors the high data rate, 
then the weighted evaluation of the RSSI samples may take 
place as indicated at 17-10, a flag being set as indicated 
at 17-11 where the evaluation indicates marginal 
transmission conditions. 

At 17-12, jitter is evaluated and for the case of 
excessive jitter, a high jitter flag is set as indicated at 
17-13. Where jitter is acceptable, but the weak signal 
flag is set, the decision at 17-14 leads to use of the lev 
data rate as indicated at 17-9. 

For the case of high jitter at 17-13, the temperature 
values are checked as indicated at 17-15 and a temperature 
decision is made at 17-16. For example, if the mobile unit 
is at an extreme temperature this may result in a seating 
of a temperature flag as indicated at 17-17. On the ctheL 
hand, the base station may transmit its temperature 
condition to the mobile units so that the mobile units can 
determine the actual temperature differential between the 
respective mobile unit and the base station and set the 
flag at 17-17 accordingly. In any event, the high jitter 
condition results in a return to the low data rate as 



indicated at 17-9. 

Where jitter is below a threshold and signal strength 
is adequate, the mobile unit may evaluate whether rhere has 
been a high rate of failures, and for example if there have 
been a given number of such failures (e.g. two or e.g- two 
out of three attempts), then control may pass to a decision 
block 17-19 which may normally determine for the low rate 
unless under the present circumstances of temperature or 
elapsed time or the like it is determined that it is time 
to retry at the high rate. The decision block 17-18 
together with the block 17-19 then safe guards against a 
circumstance where the mobile unit might otherwise continue 
to try the high data rate in spite of repeated failures. 
The retry criteria may be as previously described with 
respect to FIGS. 6 through 12. If the decision is to 
attempt response at the high rate as indicated at 17-20, 
the mobile unit may respond in a randomly selected time 
slot with a response (e.g. at the low data rate) signifying 
that further communication is to take place during 
individual polling of the identified mobile unit at the 
high data rate for example as represented with respect to 
mobile unit number two in FIG. 11. 

For the embodiments of FIGS. 13-16, where the high 
data rate contention poll (e.g. at 311) is treated as a 
high data rate test signal for processing as at 17-7 in 
FIG. 17, the decision process at 17-8 et seq. in FIG. 17 
may proceed concurrently with the random selection of a 
response slot and switching to high data rate transmit 
mode, so that if the mobile unit is to respond to the high 
data rate contention poll, such response can take place at 
any of slots Si, S2, S3, or S4, for example, during 
interval 312, FIG* 14. Of course, for the case where the 
switching to the high data transmit mode is only made at 
17-20, the interval between the contention poll and the 
first response slot will provide for maximum processing 
time and the required switching time. 
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With respect to decision block 17-19, as a simple 
example, in the fail-safe conditicn, the mobile unit might 
continue to respond at the lower rate for some number of 
polls (such as five) before attempting to try the high rat- 
response procedure at 17-20. 

The flags for different failure mechanisms are only 
included in the example of FIG. 17 so that some history can 
be maintained for use in making retry decisions (if a more 
complex retry algorithm is desired). The flags can be 
omitted in which case the "Mo" output of the RSSI threshold 
decision 17-10 can go directly to the low rate block 17-9 
and the decision block 17-14 and the temperature processing 
blocks 17-15, 17-16 and 17-17 can be omitted since they are 
superfluous if jitter is acceptable. The "No" output of 
block 17-12 would lead to low data rate block 17-9 where 
the flags are omitted. 

Many modification and variations will be apparent from 
the foregoing disclosure. For example, the base station 
could have provision for parallel baseband processing of 
received and demodulated signals, e.g. the demodulated 
signal being supplied in parallel to a 4800 baud analog 
processor and to a 9600 baud analog processor. The 
baseband digital processing section would include a 4800 
baud receive buffer and a 9600 baud receive buffer so that 
the base station could receive either a 4800 baud or a 9600 
baud signal whenever the base station was in receive mode. 
Then for the embodiment of FIGS . 11 and 17, for example, 
the various mobile units with data messages to send could 
all send the same type of resDonse signal (i.e. their 
respective addresses but without specifying a data rate 
selection) in randomly selected time slots pursuant to an 
affirmative decision at 17-5. The further steps of FIG. 17 
would then determine whether to respond to a specific poll 
addressed to the respective mobile unit, using a high data 
rate or a low data rate for the transmission e.g. of 
collected scanner data. Such specifically addressed polls 



of individual mobile units could all be sent by the base 
station at the low daza race. If a given mobile unit sent 
its data message at the high data rate, the base high date 
rate receive buffer would automatically receive the data 
and transfer it for processing. The base station would not 
need to be informed in advance of the date rate decision 
made by the mobile unit e.g. pursuant to FIG. 17. 

Many other and further modifications and variations 
may be made without departing from the broader teachings 
and concepts of the present invention. 
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Suppiemental Discussion 

For a prctcccl such as shown in FIG . 5, a contention 
polling message is transmitted having a fifteen millisecond 
header, a start of message block, a code identifying the 
message as a multi-terminal poll, a block specifying the 
number of time slots which may be selected for response, a 
block identifying the addresses of mobile units for which 
the base station has a message, a cyclic redundancy check 
character, and an end of message character. The same 
format may be used for a high data rate contention pell, 
the header then containing seventy-five bits at a data rate 
of 9600 baud (instead of 37.5 bits at 4800 baud). 

In a base initiated reset, the base station would 
transmit a low data rate reset message and would allocate a 
large number of response slots to allow responses by all 
mobile units. The base station could send a low data rate 
contention poll with a large number of response slots 
several times in succession, and the mobile units could 
randomly determine which contention poll to respond to, as 
well as randomly determining which of the large number of 
time slots to respond in. 

If for example, after a base initiated reset, a 
multiple data rate mobile unit had scanner data to 
transmit, such mobile unit could await a test signal, e.g. 
as at 311, FIGS. 13, 14, or 15, or 311-1, FIG. 16. If a 
determination was made that high data rate transmission of 
the collected data should be attempted r the mobile unit 
could proceed as herein described for the respective 
embodiments of FIGS . 13-16. Cnce havina selected hiah data 
rate operation, a mobile unit could continue to monitor 
high data rate contention polls for the examples of FIGS. 
13-16. Thus if the base station dynamically varied the 
proportion of high data rate and low data rate polls as in 
the embodiment of FIG. 16, it would not be necessary to 
advise the mobile units of the changes in the pattern. The 
mobile units could be programmed to switch to low data rate 
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operation whenever a failure of communication occurred at 
the high date rate, but otherwise to remain in high data 
rate mode e.g. for a suitable time e.g. five seconds. By 
switching to low data rate mode after five seconds, the 
mobile unit would be assured of being notified cf a pending 

PS$a y * fffll the h U Q Station avm If the base station was 
supplying high data rate contention polls very infrequently 
or not at all because of very light high data rate traffic. 
A mobile unit could be programmed to send its data message 
at the low data rate, ..j, jf w^gg fQf fl DpCCiflGfl 



kiiae suck as five seconds, and" failed to receive a high 
data rate contention poll within such specified time 
interval . 



Example cf Dynamic Selection 
cf Number of Resp ons e Sicca 

For the case of contention polling as in the various 
embodiments including FIG . 5 herein, the base station may 
dynamically vary the number of response time slots (such as 
41-44, FIG . 5) according to traffic at a fixed data rate, 
or may dynamically vary the respective numbers of slots 
associated with respective different data rate contention 
polls (e.g. as in FIGS. 13-16). 

For each data rate, a number of response slots for 
each contention poll may be set in order to force the"ratio 
between the number of empty response slots (wherein no 
mobile unit responses are received) and all other slots 
(ones with successful responses or collisions) to tend 
toward eighty percent (80%). 

If the ratio computed for twenty successive slots is 
between sixty percent (60%) and seventy percent (701), then 
the base controller would add one additional slot (e.g. a 
fifth slot in FIG. 5) for the next transmission cf the 
contention poll. 

If the ratio computed for ten successive slots is 
than sixty percent (60%), then the controller would add two 
additional slots (e.g. fifth and sixth slots in FIG. 5) so 
that the next contention poll from the base would specify 
the previous number of slots increased by two (e.g. six 
slots in FIG. 5). 

If the ratio computed for thirty successive slots was 
over ninety percent (90%), the base controller would reduce 
the number of slots by one (e.g. to three in FIG. 5). 

Finally, if no empty slots were observed over seven 
successive slots (ratio equals zero), the base controller 
could switch to a serial poll protocol where each mobile 
unit is polled in sequence, or for the example of fig. 16, 
if feasible, change the proportion of low data rate and 
high date rate polling communications frames. 



The foregoing example demonstrates several advanzaaes 
cf dynamic adaptive control of number of response slots, z 
more generally of response time intervals following a 
contention poll. First, when little traffic is present, 
few response slots are allocated. This reduces to a 
minimum the amount of system overhead required and 
therefore the response time is kept to a minimum for mcbxi 
terminals needing the channel. Second, the rate at which 
slots are added and removed can be tailored to handle 
bursty traffic loading without causing the system to 
overload. Third, the protocol can be changed, if required 
to support high system loading. 



Claims 



1. The method of operating a radio f reauency data 
communication system wherein a multiplicity of mobile 
transceiver units are to collect data and are to be able to 
transmit the collected data promptly after its collection t 
a base transceiver station, during movement of the mobile 
transceiver units at varying distances from the base 
transceiver station and wherein reliable communication with 
such mobile transceiver units over the entire area of mobil 
operation could only take place at a limited normal data 
rate, said method comprising: 

effecting transmission of a test signal from the base 

transceiver station to the mobile transceiver units, 

at respective mobile transceiver units, evaluating 

characteristics of the test signal which are predictive 
of successful communication of the respective mobile 
transceiver unit with the base transceiver station at a 
higher than normal data rate in spite of potential 
adverse transmission conditions 

for respective currently less favorably situated mobile 

transceiver units which have collected data to send and 
which do not successfully receive the test signal or 
which do successfully receive the test signal but 
determine that transmission at a high data rate would ce 
likely to be subject to detrimental transmission 
conditions, arranging to send the collected data to the 
base transceiver station at a limited normal data rate, 
and 

for respective currently more favorably situated mobile 

transceiver units which have collected data to send and 
which successfully receive the test signal and which 
determine that transmission conditions are not likely to 
prevent successful transmission at a high data rate, 
arranging to send the collected data at a high data rate 
substantially higher than the normal data rate. 



2- The method of claim 1, wherein the test ,« on a» 's -a- 
of a communications frame, and wherein at i« as -^ 
more favorably situated mobile transceiver unit, s^ds" 
collected data at the high data rate within the sa-ne 
communications frame as the test signal so as t0 mini!Rize 
the elapsed time between the test signal and a high data 
rate transmission prompted thereby. 

3. The method of claim 1 or 2, wherein the test signal <s 
high data rate contention polling signal. 

4. The method of claim 1 or 2, wherein the test signa' is 
a Umited normal data rate contention polling signal 

o. The method of claim 1 or 2. wherein the test siona' - s 
a special test pattern comprising a known bit sequence 

6. The method of claim 1 or 2, wherein the test signal is 
comprised of a known bit sequence having a length of at 
least about forty bits. 

7. The method of claim 1 or 2, wherein scanners are 
associated with respective mobile transceiver units and 
supply data to the respective transceiver units based ~n 
manual transport of the transceiver units and scanners to 
successive locations of scanner readable data, the scanned 
data from one location being transmitted to the base 
transceiver unit during manual transport of the transceiver 
unit and scanner to the next location. 

8. The method of claim 1 or 2, wherein the mobile 
transceiver units which are able to receive said test 
signal evaluate the received signal strength taking account 
of rapid signal fading effects in determining whether 
transmission should be attempted at a high data rate. 

9. The method of claim 9, wherein the received signal 
strength is sampled several times during receipt of the test 
signal and is evaluated based upon a weighted average value 
giving emphasis to the lower signal strengths. 



-63- 

10. The methcd of claim 8 or 9, wherein a Bcb'i. 
transceiver unit which is able to receive the -s- si~^ 
responds at a high data rate when the received s'g-ai" 
strength evaluation shews a sufficient fade margin" 
preferably twenty decibels higher than the high data rat- 
sensitivity threshold. 

11. The method of operating a radio frequency data 
communication system wherein a multiplicity of mobile 
transceiver units are to collect data and are to be able - 
transmit the collected data promptly after its collects 
a base transceiver station, during movement of the -ncbil» 
transceiver units at varying distances from the has* 
transceiver station and wherein reliaole communication wi> 
such mobile transceiver units over the entire area of irobi 
operation could only take place at a limited normal data 
rate, said method comprising: 
effecting RF wireless transmission of a first signal 
from the base transceiver station to the mobile 
transceiver units at an increased data rate 
substantially higher than the normal data rate, 
at respective mobile transceiver units which 

successfully receive said first signal, evaluating 
characteristics of the first signal which are predictiv 
of successful communication of the respective mobile 
transceiver unit with the base transceiver station at a 
higher than normal data rate in spite of potential 
adverse transmission conditions, 
effecting RF wireless transmission of a second signal 
from the base transceiver station to the mobile 
transceiver units at a limited normal data rate, 
for respective currently less favorably situated mobile 

transceiver units which have collected data to send and 
which do not successfully receive the first signal or 
which do successfully receive the first signal but 
determine that transmission at a high data rate would be 
likely to be subject to detrimental transmission 



conditions, arranging to send the collected data to the 
base transceiver staticn at a limited normal data rate, 
and 

for respective currently more favorably situated mobile 

transceiver units which have collected data tc send and 
which successfully receive the first signal and which 
determine that transmission conditions are not likely to 
prevent successful transmission at a high data rate, 
arranging to send the collected data at a high data rate 
substantially higher than the normal data rate. 
12. The method of claim 11, wherein the first and second 
signals are contention polling signals, the respective 
currently less favorably situated mobile transceiver units 
transmitting their identities to the base transceiver 
station in response to the second polling signal, and the 
respective currently more favorably situated mobile 
transceiver units transmitting their identities to the base 
transceiver station in response to the first polling signal. 

13. The method of claim 11 or 12, wherein the base 
transceiver station dynamically allocates respective first 
and second times following the first and second signals in 
which mobile transceiver units may respond, in accordance 
with the respective numbers of mobile transceiver units 
which have responded to previously transmitted such first 
and second signals. 

14. The method of claim 13, wherein the base transceiver 
station effects RF wireless transmission of information as 
to its dynamic selection of the first and second times as 
part of the first and second sianals, respectively, the 
currently more favorably and less lavorably situated mobile 
transceiver units transmitting their respective identities 
at respective essentially randomly selected intervals within 
the respective first and second times as obtained from the 
respective received first and second signals. 

15. The method of claim 13, wherein the base transceiver 
station dynamically allocates respective numbers of first 



and second time slots following the first and se-nd 
signals, respectively, vithin which the mobile transc-xv-^ 
units may respond, the base transceiver station selection 
the current values of the respective numbers of such first 
and second time slots according to the respective numbers cf 
mobile transceiver units which have responded to oreviously 
transmitted such first and second signals, and the currently 
more favorably and less favorably situated mobile 
transceiver units responding to the first and second signals 
at randomly selected ones of the currently allocated first" 
and second time slots, respectively. 

16. The method of claim 15, wherein the base transceiver 
station takes account of the number of instances when ther- 
are no responses in a time slot, when all of the time slots 
following the first or second signal have responses, or when 
more than one mobile transceiver unit seeks to respond in 
the same time slot resulting in collision and increases or 
decreases the allocated numbers of first and second time 
slots accordingly. 

17. The method of claim 11 or 12, wherein the base 
transceiver station sends the first signal, and crants 
communication time to successfully responding currently r — 
favorably situated mobile transceiver units in turn, and 
then sends the second signal, and grants communication t- 
to successfully responding currently less favorably situates 
mobile transceiver units. 

18. The method of claim 11 or 12, wherein the base 
transceiver station effects transmission of one of the first 
or second signals a number of times in succession before 
sending the other of the first and second signals, so as to 
accommodate larger or smaller numbers of currently less 
favorably and more favorably situated mobile transceiver 
units. 



19. The method of claim 11 cr 12, wherein the base 
transceiver station includes with said first and second 
signals information identifying any mobile transceiver units 
for which it has a message. 

20. The method of claim 19, wherein the base transceiver 
station maintains a list of mobile transceiver units which 
have successfully responded to a recently transmitted first 
signal, and includes the identity of any of the currently 
listed mobile transceiver units for which it has a message 
in conjunction with the transmission of a further first 
signal, while also including the identity of currently 
listed mobile transceiver units with the transmission of a 
second signal so as to insure that the message is delivered 
in spite of changing transmission conditions 

21. The method of claim 11 or 12, wherein the mobile 
transceiver units which are able to receive said first 
signal evaluate the received signal strength taking account 
of rapid signal fading effects in determining whether 
transmission should be attempted at a high data rate. 

22. The method of claim 21, wherein the received signal 
strength is sampled several times during receipt of the 
first signal and is evaluated based upon a weighted average 
value giving emphasis to the lower signal strengths. 

23. The method of claim 21 or 22, wherein a mobile 
transceiver unit which is able to receive the first signal 
responds at a high data rate when the received signal 
strength evaluation shows a sufficient fade margin, 
preferably twenty decibels higher than the high data rate 
sensitivity threshold. 

24. The method of claim 11, wherein the first sianal 
includes a test pattern. 

25. The method of claim 24, wherein the test pattern is 
comprised of a known bit sequence. 

26. The method of claim 24, wherein the test pattern is 
comprised of a known bit sequence having a length of at 
least about forty bits. 



27. The method cf claim 24 , 25 and 26, wherein the iitzer 
characteristics of the received test pattern are used to 
predict whether successful communication at the higher data 
rate is probable. 

28. The method of claim 11, wherein the first signal has a 
limited normal data rate but is evaluated a 

signal strength so as to predict the feasibility of 
communication between a mobile transceiver unit and the base 
transceiver station at the higher data rate. 

29. The method of claim 11, wherein characteristics of the 
first signal as received are evaluated along with a 
temperature measurement: to determine whether a mobile 
transceiver unit for which the evaluation of received signal 
is favorable to a high data rate, but which has previously 
failed as to high data rate communication should again 
attempt transmission at a high data rate. 

30. The method of operating a radio frequency data 
communication system wherein a multiplicity of mobile 
transceiver units are to collect data and are to be able to 
transmit the collected data promptly after its collecticn to 
a base transceiver station, during movement of the mobile 
transceiver units at varying distances from the base 
transceiver station and wnerein reliable communication with 
such mobile transceiver units over the entire area of mobile 
operation could only take place at a limited normal data 
rate, said method comprising: 

in a communications interchange between the base 

transceiver station and one or more mobile transceiver 
units, effecting with a RF wireless transmission, the 
transmission of a test signal in one communication 
direction via an RF link, 

at a receiver receiving the test signal, evaluating the 

characteristics of the test signal which are predictive 
of successful communication between a respective mobile 
transceiver unit and the base transceiver station at a 
higher than normal data rate in spite of potential 
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adverse transmission conditions, 
for the case where the evaluation of the received test 

signal determines that transmission at a high data rate 
would be likely to be subject to detrimental 
transmission conditions, transmitting a responsive RF 
wireless transmission in the opposite communication 
direction via said rf link signalling for further 
communications interchange at the limited normal data 
rate, and 

for the case where the evaluation of the received test 

signal determines that transmission conditions are net 
likely to prevent successful transmission at a high data 
rate, transmitting a responsive RF wireless transmission 
in such opposite communication direction via said RF 
link signalling for further communications interchange 
at a higher data rate substantially higher than the 
limited normal data rate. 

31. The method of claim 30, wherein the test signal is 
transmitted by a mobile transceiver unit in response to a 
polling signal from the base transceiver station (FIGS. 7B 
and 9B). 

32. The method of claim 30, wherein the test signal is 
associated with a polling signal transmitted by the base 
transceiver station (FIGS. 8A, 8B, 11 and 13-16!. 

33. The method of claim 32, wherein the test signal is 
associated with a contention polling signal defining a time 
interval for random response by the mobile transceiver units 
(FIGS. 8B, 11 and 13-16). 

34. in a radio frequency data communication system, 

base station transceiver means selectively operable for data comm 
more restricted range of operating conditions, 



a plurality of mobile transceiver units in radio 

communication with said base station transceiver rr.eans 
and selectively operable for data communication at said 
first data rate and at said second data rate, 

control means receiving a test transmission after 

transmission between the base station transceiver means 
and at least one of said plurality of mobile transceiver 
units, and operable to evaluate said test transmission 
as received to determine the probable feasibility of 
data communication between said base station and said 
one of said plurality of mobile transceiver units at 
said relatively less conservative second data rate and 
selecting according to such evaluation said second data 
rate if evaluated as probably feasible and otherwise 
said lower relatively conservative first data rate, and 
data rate switchover means controlled by said control 

means for automatically effecting data communication at 
the first and second data rates according to the 
evaluation by said control means of the received test 
transmission. 

35. In a radio frequency data communication system according 
to claim 34, 

said mobile transceiver units being assigned polling 
addresses, and 

said control means controlling said base station 

transceiver means to send polling messages at said first 
data rate to respective individual mobile transceiver 
units which are assigned respective polling addresses, 
and 

said control means controlling said base station 

transceiver means to send a test transmission at said 
second data rate which is interlaced with polling 
messages transmitted at said first data rate. 

36. In a radio frequency data communication system according 
to claim 34, 
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said control means controlling said base station 

transceiver means to send a general pclling message at 
the first data rate and then to await responses from at 
least certain of said mobile transceiver units in at 
least one response interval, 

said control means controlling said base station 

transceiver means to send a test transmission, time 
offset from the general polling message and the at least 
one response interval, at the second data rate, 

said mobile transceiver units being responsive to the 

test transmission at said second data rate to send a 
first signal at said first data rate when the test 
pattern transmission is inaccurately received, and to 
send a second signal at said first data rate when the 
test pattern transmission is accurately received, and 

said control means being responsive to a first signal 

from a mobile transceiver unit signifying inaccurate 
reception of such test pattern to control said base 
station transceiver means to receive a data transmission 
at said first data rate, and being responsive to a 
second signal from a mobile transceiver unit to centre! 
said base station transceiver means to receive a data 
transmission at said second data rate. 

37. In a radio frequency data communication system according 
to claim 34, 

said control means comprising received signal strength 
indicator means for evaluating the received signal 
strength of said test transmission, 

38. In a radio frequency data communication system arcord^na 
to claim 34, 

said control means comprising means for evaluating 
jitter in the received test transmission. 

39. In a radio frequency data communication system according 
to claim 34, 

said control means comprising signal quality indicator 

means receiving a test transmission comprised of a known 
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bit pattern having a length of at least about forty bits 
and evaluating the quality of the communications channel 
transmitting the test transmission according to the 
number of errors detected in the transmission of the 
known bit pattern. 

40. The method of operating a radio frequency data 
communication system, substantially as hereinbefore 
described with reference to the accompanying drawings* 

41. A radio frequency data communication system substantially 
as hereinbefore described with reference to and as 
shown in the accompanying drawings. 
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